Field sampling of seabed soil is characterized by release of original high stress field, this study carries out indoor tests to investigate the properties of disturbed soil sample. Firstly remold the initial pressure conditions of sea soil with GDS tri-axial apparatus for high pressure test, and then conduct isobaric unloading test by steadily releasing confining pressure and back pressure, finally study the relationship of volumetric stress and drainage volumetric strain during unloading with different initial pressures. For assessing the disturbance properties in test, this study develops a soil disturbance indicator related to the parameter volumetric module, and provides the corresponding result for reference in further study.
Introduction
Soil disturbance is the change of both physical and mechanical properties of the soil influenced by various external disturbance sources, including in-situ sampling, construction activities, as well as indoor tests, etc. During deep seabed sampling the _______________________ disturbance by stress relieving cannot be ignored. The typical feature of soil sample due to unloading disturbance is volumetric expansion mainly attributing to expansion of compressed tiny bubbles; desolution transformation of dissolved air. So the original soil structure may be steadily destroyed; particularly seabed soil containing organic gas can be affected by unloading disturbance dramatically (Zhang, and Lunne, 2003) . Since field sampling or monitoring in seabed is a challenge (Arulrajah et al., 2006) , indoor test is an important alternative method. For indoor tests, it is firstly necessary to simulate seabed environmental conditions including high pressure and low temperature, etc. In recent years, high-pressure soil mechanics problems have been concerned by many scholars (Li et al., 2007; Ma et al., 2008; Shang et al., 2015, etc.) . But these researches focus on high-pressed land soil, the consolidation degree of such soil is high; and natural water content is low. As far as marine soil is concerned, the saturation degree is almost 100% without consideration of compressed tiny air bubbles, and confining pressure and pore water pressure are high because of seawater pressure, so the property of marine soil is obviously different from that of land soil with low water content, and deserve further study.
Accordingly this paper firstly discusses various disturbance degree definitions developed for disturbed soil, and then establishes a disturbance degree expression suitable for assessing the disturbance degree of seabed soil in indoor test. And carry out high pressure tri-axial test further by simulating marine soil field environment and stress release during the sampling work. By using the disturbance degree expression suggested in this study, the characteristics of marine soil due to stress release disturbance in sampling are quantitatively studied.
Establishment of marine soil disturbance degree
There are many types of definition of soil disturbance degree (Hong and Onitsuka, 1998; Xu et al., 2003, etc.) , e.g., Ladd and Lambe (2003) proposed that: (1) Where E 50 and [E 50 ] are the non-drainage modulus of the actual soil sample and the remolded soil sample, respectively, and are obtained from the state of strain reaching 50% of the peak value. [E u ] denotes the non-draining modulus of the original "ideal" soil sample that is not disturbed. Based on the Disturbance State Concept (DSC, Desai C.S., 1994), recently some researches on DSC soil disturbance degree have been taken, e.g., Huang Bin (2006) established a DSC disturbance degree expression for soil test to reflect the characteristics of tri-axial compression and rebound curves, see following: (2) Where denotes the increment of pore ratio; the initial porosity ratio; the is the initial super-consolidation ratio; is the slope of the compression curve e vs. lnp, and is the slope of the rebound curve. To investigate the properties of marine soil, this present study takes three-axial isotropic unloading test, so it is proper to establish a DSC disturbance degree expression; the initial state of soil specimen is considered as so-called 'undisturbed', and the final state in the end of test as completely disturbed. In high-pressure marine soil test, the soil parameter bulk modulus, i.e., the slope of the curve volumetric stress vs. strain, is sensitive to the disturbance of unloading, so we suggest a DSC disturbance degree with bulk modulus, see following expression: (3) where is the bulk modulus in test, is initial bulk modulus;
is the bulk modulus of the disturbed soil specimen after finishing unloading.
The test scheme and result correction due to high pressure
The silty clay sample for test is from the seabed of East Chinese Sea, and the British GDS tri-axial apparatus is used to carry out the test, this apparatus is the high-pressure one since it is equipped with 10MPa controllers and volumetric capacity of 200cc, 6MPa pore pressure transducer, as well as 40KN load cell. The testing samples are with initial diameter 38mm, and height 76mm, and the soil parameters include: liquid limit 36.4%, plastic limit 21.5%, and the specific gravity of soil particles 2.69; and the soil samples have average dry gravity 139.7 g, dry density 1.62 g/cm3, and initial porosity rate 39.7%, water content 24.5%.
During preparation of soil samples, we need keep the cell and back pressure controllers with const value, till penetration of pore water completes when pore pressure becomes consistent with back pressure, in this way the saturated high pressure soil specimen is prepared.
After preparing with soil samples, unloads synchronously till confining pressure and back pressure drop to zero, so the presented test is not like the general consolidation test (JIANG et al., 2014) . Suppose the unloading time may ranging from 10min to 60min, the corresponding unloading rate of confining pressure is 15-100kPa per minute, and that of back pressure is slightly lower. In order to avoid the disturbance effect of previous test steps on succeeding steps, the maximum stress level at the testing step are required to be not less than the corresponding historic peak. To study the properties of marine soils disturbed by sampling, unloading tests with different initial pressure levels are taken.
Since this test is at high pressure level, the compressibility of pore water under high pressure cannot be ignored, Suppose the total change of the soil sample volume is , it includes not only the change of back pressure volume , but also the total change of water volume in the pipe and the container of back pressure controller , i.e.:
（4）
Suppose the volumes of the saturated soil sample, the water in the pipeline, and the back pressure controller container are accumulated to be about 250cc, and then , ɳ(/ ‰) is the volume change rate of water at certain pressure levels; is corrected according to expression(4). It is found in Fig.1 that, at the early stage of the unloading curve, drainage volume strain increases slowly with volume stress decreasing; when volume stress drops to the low stress state, i.e., around 500kPa, the drainage volume strain starts to increase dramatically. By contrasting the results of different initial pore pressures, it is found that different curves converge in the same unloading path at the end stage; but at the intermediate stage with confining pressure 500-1500kPa or so, the greater the initial pore pressure is, the more gently the unloading curve slopes.
The assessment of disturbance degree
According to the proposed disturbance degree formula (3), the resultant curves of disturbance degree at the unloading stage are provided in Fig.2 , where initial confining pressure/back pressure are 2400/1400kPa and 2400/2200kPa, respectively, the soil sample starts with the initial disturbance degree of 0, and to the end of the test the sample can be taken as completely disturbed, so the disturbance is 1. But at the intermediate stage of the test, the disturbance degree is negative because the tangent volume modulus is bigger than the initial modulus. It is obvious that the lower the initial pore pressure is, the steeper the unloading curve becomes, and the larger the corresponding unloading volume modulus is, so the greater of disturbance degree variation becomes.
(2) Tests with same initial pore pressure but different confining pressure Set initial pore water pressure with the const value 2600kPa, and initial confining pressures 2800kPa, 3600kPa, or 4200kPa, and then complete the unloading test steps. In the resultant unloading curves in Figure 3 , it is obvious that if the initial confining pressure is larger, the unloading curve is steeper; when the confining pressure drop to less than 500kPa, the curves are almost coincident with each other and steadily become horizontal.
The resultant disturbance degree curves in the following Fig. 4 describe the characteristics of unloading soil. In the early stage of unloading, tangent volume modulus increases with dropping of confining or back pressure, so the disturbance degree is negative. In the middle stage of unloading volumetric modulus gradually become smaller, an inflection point at the confining pressure around 500kPa emerges in the unloading curve, and at this point the disturbance degree changes from negative to positive, so it can be roughly regarded as a division point between low pressure and high pressure. In the end stage of unloading, similar to previous test results, the test curves are gradually consistent with each other, and tangent volume modulus is close to 0, which reflects acceleration of drainage volume change rate of the soil sample, this phenomenon can be explained as the effects of gas dissolution and gas swelling due to decompression.
Conclusions
Instead of field tests in deep seabed, this study carries out indoor tests with remolding soil samples to simulate the unloading procedure of marine soil sampling, thus investigates the properties of soil sample disturbed by releasing of stress, including the relation of volumetric stress and drainage volumetric strain under different initial pressure conditions. Moreover a disturbance degree expression suitable for indoor tests with high pressure is established to assess the disturbance of soil samples. It is concluded as below: (1) In the unloading test of high-pressure marine soil, if initial confining pressures are identical, the larger the initial pore pressure is, the larger the drainage volume strain is, then the gentler the volume stress-strain relation curve becomes; if the initial pore pressure is consistent, the larger the initial confining pressure is, the steeper the volume stress-strain relationship curve becomes, but in the end stage the curves tend to be coincide with each other;
(2) The drainage volume strain of soil sample changes slowly in the early stage of unloading, but develops more and more quickly and the fastest in the end stage of unloading, and the unloading curves tended to coincide with each other. The unloading curve has the inflection point when confining pressure is around 500kPa, so this confining pressure can be taken as the division point between low pressure and high pressure.
(3) A disturbance degree expression related to the parameter of tangent volume modulus is established, for reference it provides one method for quantitatively describing the disturbance degree of unloading soil sample in indoor tests.
